Abstract : 4G is a brand name for the Fourth Generation of the cellular wireless standards. Over the years, Nigerian telecommunication firms have been in operation with predecessor generation standards (such as 2G and 3G). The design principle of each of these cellular wireless standards follow the same principle, where the information to be transmitted will pass from transmitter through a channel to the receiver at a frequency within the allowable band. For a long distance transmission to take place, information to be transmitted need to be modulated with high frequency also known as carrier frequency. This implies that for any licensed telecom firm in Nigeria, a carrier frequency slot from the regulatory body must be allotted. This research work aims to study the practice of telecommunications in Nigeria vis-à-vis the latest 4G technology around the world; identify the existing technologies in Nigeria; identify the limitations of Telecommunication Service Providers (TSPs) in Nigeria that may be responsible for delay (if any) in migration to 4G technology. The research methodology that was adopted in this research is the survey, interview, questionnaires and the use of statistical analysis tool (SPSS).
Introduction
Telecommunication is a combination of two words "Tele" (from Greek) meaning Far and "Communication" meaning interaction between two or more entities. Centuries ago, communication in Nigeria was only by means of postal services and had some limitations in terms of delay, means of delivery, high cost of delivery etc. As technology advances, such limitations were controlled thus making life easier in terms of meeting the communication needs of Nigerians.
Generally, telecommunication appears to be the backbone to every country's economy and therefore plays a vital role. It is a sector that every other sector such as Agriculture, Banking, Education, Oil etc. in any country depends/revolves within for its survival as depicted in Fig 1. Telecommunication sector is an allinclusive and indispensable sector of any nation economy.
Research has shown that advances in the world's telecommunication generation technology occurs every ten years and follows the same principle of design. Nigeria's mobile market is developing faster than any other sector with the development of Wireless communication and the government decision to award mobile licences to several international Providers.
For effective, efficient and meaningful communication within any country and across the globe, there is a need to regulate the practice of telecommunication locally and internationally to which every licensed telecommunication provider must adhere.
The Nigeria telecommunication sector was grossly under development before been reformed by the military regime under the auspices of Nigeria Communications Commission (NCC). Before the establishment of NCC, the cable and wireless Act of 1962 established the Federal Ministry of Communications as the regulatory body for telecommunication in Nigeria. This ministry regulated Nigeria telecommunication industries until 1993 when NCC was institutionalized by a degree of 24 th November 1992 which empowered it to regulate the telecommunication sectors of Nigeria economy. From 1993 till date, NCC has given out licences to a number of mobile telecommunication firms operating as Digital Mobile Services (DMS), Unified Access Services (UAS), and National Carrier Services (NCS). Some of the major licensed telecommunication firms are presented in Table 1 . This study focuses on the major licensed telecommunication players in Nigeria in order to measure the rate of mobile telecommunication development in our country.
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The adopted methodology that was used in this project are survey, interview, questionnaires which are consequently subjected to statistical analysis using SPSS as a tool. In view of the foregoing, careful survey of the development of mobile telecommunication in Nigeria took a look at seven licensed telecommunications firms in the area of transmission (this comprises of four mobile operators, two fixed wireless operators and one broadband operator).
II.
Review of Some Related Works
Pre Independence Era
The first telecommunication development started in 1886, by the colonial administration with the aim of achieving administrative functions and not to improve on the socio-economic system of the country through the establishment of a cable connection between Lagos and the colonial office in London [Arzika, OFR, 2000] . In the year 1893, Lagos as the capital was provided with telephone services especially government offices and later extended to Ilorin and Jebba. Subsequenty, innovative improvements in the sector began to emerge as an important element in the national telecommunications network. During the pre-independence era, the transmission media that was widely deployed was the unshielded twisted pair (UTP) cable. This advanced through rural carrier systems on high gauge lines to a twelve channel carrier capacity of line carrier systems. In 1955, a small-to-medium carrier system was introduced in order to employ VHF and UHF radio systems. The major and maiden attempt that brought about the development of telecommunication in Nigeria took place between 1955 to 1962. This planning came to provide an expansion of trunk using VHF Multichannel radio system as a nationwide carrier and a short microwave link established between Lagos and Ibadan.
A parallel development was also observed from the telegraph services through delivering of telegraph by way of manual coordinate pegboard switching to the use of Morse code for telex switching. A manual telex exchange of sixty subscriber lines was in use in Lagos before the year 1961. While all these processes were aimed at improving the internal telephone services in Nigeria, the external services during this period were managed and controlled by the Cable and wireless company (a colonial private company) of United Kingdom [Attah, 1998 ].
Post-Independence Era
The attainment of independence in 1960 brought more light to Nigeria as a nation in the development of telecommunication. Telecommunication development plans were featured in each of the five years project plans mapped out during this period.
The primary focus of attainment during this period was the expansion of the network in order to be able to meet the commercial and industrial demands. Its major objectives were:
 Installation of additional 60,000 telephones lines.  Expansion of trunk dialling facilities in order to link up the major urban cities.  Establishment of Nigeria External Telecommunications (NET) Limited. The accomplishment of this task experienced a bottleneck and only (about) 26,000 telephone lines emerged. However, a major achievement which was the installation of microwave radio systems to link the cities of Lagos, Ibadan, Port Harcourt and Benin were accomplished.
The bottleneck opposed to this task emanated as a result of the apparent lack of sufficient funds and partly due to the unrest caused by the Nigeria civil war which lasted between 1967 and 1970. Also the establishment of NET as a limited liability started during this period as well but was not fully operational.
Cellular Telephony
The advent of cellular telephony in Nigeria started in 1992 with the introduction of Mobile Telecommunication Service (MTS). It was collaboration between NITEL and Digital telecommunication of Atlanta. MTS became the subscriber's favourite and had a wide monopoly over cellular services in the year 1994. The little improvement that was witnessed from 1994 to 1999 was not enough to meet the minimum continental and global standards. Though the advent of the MTS added more life to the telecommunication sector but still did not reduce the woes of the telephone network in Nigeria.
This challenge continued until the country's Global System for Mobile communication (GSM) revolution began in August, 2001 . This revolution helped in changing the face of Information and Communication Technology in Nigeria and also one of the explosive developments the telecommunication industry has ever witnessed. Since the advent of GSM, mobile telephony has become the most popular means of voice communication in Nigeria and has recorded a drastic improvement that the country has been described as "one of the fastest growing GSM markets in the World" [Wojuade, 2006] . From this review, it has been observed that Nigeria has strived relentlessly over the years to illuminate the quality of life of her citizens through the light of telecommunication. However, this desire could have been more appreciating, if proper planning, management and consistency were upheld. It is quite true that the advent of cellular network brought more life into the telecommunication sector, but operators were mainly concerned with the distribution of more lines, thereby giving less attention to the channel capacity and ITU specifications. Consequently, it became impossible to meet up with the minimum continental and global standards.
III. G Technology
Over the years, various standards of cellular wireless telecommunication have emerged. 4G is the Fourth Generation of the cellular wireless standards and is a successor to the second and third generations. In the year 2008, the International Telecommunication Union Radio communication (ITU-R) organization specified the International Mobile Telecommunication Advance (IMT-Advance) requirement for the 4G standards. This entails that any 4G system should be able to operate with a peak data rate of 100Mbit/s for high mobility communication (such as cars or trains) and 1Gbit/s for low mobility communication (such as stationary users). The ITU organization does not clearly specified the minimum data rate for a 4G system, in other words, any rate that will be able to meet customers' expectations of broadband data can be employed.
The name 4G was initially used by telecommunication industries as a whole to address cellular technologies with higher capability of wide channel Orthogonal Frequency Division Multiple Access and Single Carrier-Frequency Division Multiple Access technologies, Multiple -In-Multiple -Out technology and an all based Internet Protocol architecture. Every 4G system should be able to offer a comprehensive solution/security to computer wireless modem, smart phones and other mobile devices. Also facilities such as IP-telephony, Ultra-mobile broadband Internet access, streamed multimedia may be provided to users.
International Telephone Union Requirement/Specifications For 4G Wireless Standards
Before the IMT-Advance specification was used for 4G systems, various literatures had looked at the 4G objectives as improvement on the existing 3G applications, and may also allow roaming to wireless local area networks with due communication with digital video broadcasting services.
The IMT-Advanced requirements were used by the ITU-R to define the standard for 4G. These requirements are as follows:
All Networks connected to 4G systems must transmit packets base on IP (ii) 4G systems must have a data rate ranging from 100Mbps for mobile users to 1Gbits/s stationary users.
(iii) 4G systems should be designed in such a way that it will allow network users to share network resources simultaneously. It was designed to offer virtually all the basic requirements expected from the 4G technology. It is backward compatibility with IEEE 802.16e (WiMax). The goal of this WiMax 2 is to offer a downlink speed of more than 100Mbps to users as against the maximum downlink speed of WiMax. The ability of WiMax 2 to offer this high speed for internet connectivity (broadband) is as a result of its smart antenna (a digital wireless communication antenna system that takes advantage of the diversity effect at the transmitter or receiver side or both) and its multichannel approach [Shakouri, 2011] . Shakouri (2011) , further said that while the WiMax 2 offers more broadband speed than WiMax, it will not propagate farther than thirty-one square miles (31mi 2 or 80,289,631.420416m 2 ) per access point as being covered by the IEEE 802.16e (WiMax).
3.1.2
LTE Advance standardized by the 3GPP: LTE Advance is an evolved version of LTE (see Figure 3 ) and also a project name for 4G LTE technology being developed by the 3GPP in order to meet up or exceed the 4G specification as labeled by the ITU for a true fourth generation radio standard. The advantage of LTE Advance is that it is backward compatible to LTE meaning that LTE devices can work on LTE Advance system and LTE Advance devices can also work with LTE systems.
LTE Advanced design specification as indicated in the 3GPP Release 10 is to offer downlink peak rate of 1000Mbps for low mobility and 100Mbps for high mobility. It will be designed in such a way that it will offer all IP high speed for internet connectivity (forty-times faster than 3G commercial network), low latency and high quality spectrum efficiency in mobile network. The present existing WiMax and LTE are being used as test birds for the upcoming WiMax2 and LTE Advance, which is being designed to meet up with the 4G standard as defined by the ITU-R organization and will be considered permanent. Table 2 and 3 show some of the trailing features of these technologies. 
Presentation of Data
This chapter presents the responses got from the interview/questionnaires that were disseminated during the course of the research using frequency distribution table. The responses to each of the variables are measured with a bar chart diagram where each level of bar chart represents the number of respondents to each of the questions.
Data Analysis and Interpretation
Is your company a cellular Network Operator? The frequency range allocation all depends on NCC. Since from the data, frequency ranges of 2-4GHz and 2-8GHz was claimed to be issued out by the NCC, they are only used by most of the telecom firms to transmit data over the internet.
What is your bandwidth range? 
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Which of the multiplexing techniques is used for your transmission?
The data also shows that each multiplexing technique all depends on the technology each of the telecom firms are embarking on and the usage. 
Which range of connection spectral efficiency does your system offers for Uplink and
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The chart shows that all the technologies in use are meant to be forward compatible in supporting future multimedia packets technology.
Research Findings
In the course of this research, the following observations were made:  The claims some of our cellular operators are not true and that the cellular technologies in Nigeria are: 2G, 2.5G, 3G and 3.5G.  Our broadband operators are currently using a system that is serving the purpose of a pre-4G technology. Hence, they do not have the full capacity to operate as a 4G system.  Some of the telecom firms are using two different technologies for their transmission and this is as a result of the inability of one technology not being able to accommodate the carrying capacity of the firm which it has grown to over the years and the inherent difficulty or inability to migrate from the existing technology to a higher one. This has resulted to some telecom firms having more than one base station in a cell site.  None of the Nigerian cellular network operators is currently using 4G for its voice transmission and more bandwidth was purchased for their data transmission over the internet than their voice transmission using cellular phones. This is the reason why voice transmission encounters more congestion as compared to data transmission.  Some Nigerian broadband operators, operating with technologies not having the full capacity to carry the 4G network. Such operators can therefore be classified as Pre-4G technology providers in accordance to the global standards.  Frequency range of 2-4GHz is being given out by the NCC whereas 4G systems are meant to operate within the range of 2-8GHz. This 2-4GHz is being used by telecom firms operating with 2.5G, 3G, 3.5G and Pre-4G technology for their transmission.
V. Recommendations
To achieve an appropriate frequency allocation, the NCC has the role of making sure that each frequency band being allotted to any of the licensed telecommunication firm, should fall within the range of ITU specification for the technology in question (e.g. 4G is specified to operate within the frequency range of 2 -8 GHz). Telecommunication firms should adhere to the basic principle of communication and also be ready to fully invest in any upgrade rather than operating with two different technologies and clustering cell sites with more than one base station. One tower per base station is enough anti-aesthetic value not to mention an additional one. These towers are also easy targets for terrorist attacks because of their conspicuous identification from the space; too many of them would pose a great danger on the security of the nation. It is also of importance that they should be ready to invest more on the bandwidth of their voice transmission since majority of the Nigerian telecom subscribers are more interested in the voice transmission of cellular network. These measures will help in uplifting Nigeria to the height of the world's 4G and thus Nigerian telecommunication firms can comfortably boast of operating with 4G and any other technology that might come up in the nearest future.
Conclusion
Our lives are shaped by societal and business communities. Communication technology helps to connect and grow these communities, transform lives throughout Africa and the world. Information and Telecommunications have contributed immensely in building strong, long-term relationships with customers and communities in Sub-Saharan and beyond in the recent time. Nigeria, the most populous black nation in the world, has always been a very important gateway to business on the continent of Africa and beyond, with one of the most vibrant and dynamic business communities in emerging markets. Networking and Telecommunication have stood to offer tremendous opportunities for growth in the industry and the Nigerian economy as a whole and will continue to play a major role in the economic revolution in Nigeria and in the entire Africa.
The acquisition of GSM equipment in this country has really promoted technology research in Nigerian universities which has given birth to many innovations that have not only impacted the daily lives of Nigerians but have contributed in no small measure, in alleviating poverty by creating many job opportunities for our youths. In essence, Nigerian government should endeavour to embrace any generational innovation with sanity and proper planning in order to exercise a good and effective telecommunication system.
Future Work
WiMax 2 and LTE advances appear to be the two proposed technologies for operating 4G technology. A suggested future work will be to carry out a comparative analysis of these two technologies since they are standardized by two different bodies and suggest modification on lapses (if any) in any of the technology.
